Introduction {#sec1-1}
============

Based on epidemiological, clinical, and laboratory data, human papillomavirus (HPV) has been identified as a necessary cause for the development of uterine cervical cancer,\[[@ref1]\] the second most common female cancer worldwide.\[[@ref2]\] More precisely, the high-risk subtypes of the alpha genus HPV virus play a critical role in the development of cervical cancer and are involved in the development of most other anogenital cancers and a substantial percentage of head and neck cancers, whereas beta-HPVs are considered to have less carcinogenic potential, although lately they have been linked to the development of skin cancers.\[[@ref3]\] Although the mechanisms by which HPV triggers the immortalization of keratinocytes and thus promotes dysplasia and carcinogenesis have been exhaustingly analyzed, it is not yet entirely clear which factors modify the potential of the various HPV types for cancer development. It has been established that the high-risk HPV types are associated with carcinogenesis through their genes E5, E6, and E7 from the early region of the viral genome, which encode the oncoproteins of the same name.\[[@ref4]\] Studies have shown that besides the two important suppressor genes p53 and pRb, E6 and E7 also bind other proteins such as the proapoptotic proteins Bax and Bak, and this might play an important role in the increase of their carcinogenic potential.\[[@ref5][@ref6][@ref7]\] Therefore, Bax and Bak expression in women infected by low- and high-risk HPV types could be a potentially useful prognostic marker. The aim of this study was to compare the expression of the Bax and Bak proteins in women infected by low- and high-risk HPV types and to investigate the usefulness of examining this expression as part of the standard screening test. To that end, Bax and Bak expression was tested not on tissue but on cytocentrifuged ThinPrep (Cytyk, Crawley, UK) cervical cell samples, which were also used for HPV subtyping. Moreover, Bax and Bak expression was statistically analyzed with correlation to the cytological examination of the Papanicolaou test (Pap) smears of those women, to determine whether there was any statistically significant difference in the expression of those two proteins in women with abnormal pap smear \[atypia of squamous cells of undetermined significance (ASCUS), low-grade squamous intraepithelial lesion (LSIL), or high-grade squamous intraepithelial lesion (HSIL)\] as opposed to women with normal Pap smear.

Materials and Methods {#sec1-2}
=====================

In this study, we examined samples of 120 women, 16-62 years of age (average age 33.4 years). After obtaining informed consent from them, these women had a conventional pap smear and a ThinPrep (PreservCyt Solution 20 mL) sample for HPV subtyping taken with a flexible brush. HPV subtyping was performed by microarrays hybridization. After HPV subtyping, 2 mL of the ThinPrep solution were taken from each case. Each sample was centrifuged in a cytocentrifuge (Shandon Cytospin, Thermo Shandon Ltd, Runcorn, UK) at 1200 rpm for 5 min. The resulting slides were air-dried at room temperature for 30 min and then stored in deep freeze (--8° to --15°C).

The immunocytochemical staining of the slides was carried out according to the EnVision protocol 3-1 UNMASKING with MW for cellular smears (Dako, Glostrup, Denmark). For the detection of Bax and Bak proteins we used anti-human polyclonal rabbit antibodies (Rb Anti-Bax Pab, 7 mL, ready-to-use, diluted 1:1 and Rb Anti-Bak Pab, 7 mL, ready-to-use, Spring Bioscience, Pleasanton, California, USA), detection system EnVision/HRP Rabbit/Mouse, 100 mL, ready-to-use (Dako, Glostrup, Denmark) with peroxidase and secondary antibodies against rabbit and mouse immunoglobulin molecules, and chromogen Liquid DAB + Chromogen, 50× concentrate with Substrate Chromogen System, diluted 1:50 (Dako, Glostrup, Denmark). Mayer\'s hematoxylin was used for counterstain.

Statistical analysis of the results was performed with the SPSS Statistic Packs 17.0 program (SPSS Inc., Chicago, Illinois, USA). Statistical differences were calculated by *t*-test, chi-square test, and one-way analysis of variance (ANOVA). In all tests, *P* \< 0.05 was taken as the limit of significance.

Results {#sec1-3}
=======

Cytological examination {#sec2-1}
-----------------------

Cytological examination of the Pap tests showed that out of 120 cases, 88 were negative for intraepithelial lesion or malignancy (NILM), 12 had ASCUS, 18 had LSIL, and 2 had HSIL. More specifically, out of the 70 cases negative for HPV types, 60 were NILM, 6 ASCUS, and 4 LSIL, while out of the 50 cases positive for HPV types, 28 were NILM, 6 ASCUS, 14 LSIL, and 2 HSIL.

HPV subtyping {#sec2-2}
-------------

Of the 120 cases, 70 were negative for the examined HPV types (control group) and 50 were positive for 1 or more of the examined types (33 cases were positive for 1 type, 11 for 2 types, 2 for 3 types, 3 for 4 types, and 1 for 5 HPV types). Of the 50 cases positive for HPV types, low-risk HPV types were detected in 12, high-risk HPV types were detected in 27, and both low- and high-risk HPV types were detected in 11. Of the examined types, the one more frequently encountered was type 42 with 12 cases, followed by types 44/55, 51, 59, 16, 31, etc. The women infected with both low- and high-risk HPV types were grouped in the high-risk type group, thus making up a total of 38 cases in this group.

Bax and Bak score statistical analysis {#sec2-3}
--------------------------------------

The evaluation of the expression of the Bax and Bak proteins was carried out by viewing at least 1000 cells per slide (fifty ×400 power fields) in order to be considered accurate. According to criteria cited in previous papers,\[[@ref8][@ref9]\] evaluation of expression depended on stain intensity and percentage of positive staining cells. Percentage of cells was graded as follows: 0: no reactive cells, 1: 1-25%, 2: 26-50%, 3: 51-75%, and 4: 76-100%. Stain intensity was graded as follows: 0: No staining, 1: Weak staining, 2: Moderate staining, and 3: Intense staining \[See [Figure 1](#F1){ref-type="fig"} for Bax and [Figure 2](#F2){ref-type="fig"} for Bak\]. The two values were multiplied and the result was the score for each field. If the field manifested heterogeneity, every different area of the field was independently graded and the results were added, e.g., if in a field 15% of the cells was intensely stained (1 × 3 = 3), 30% was moderately stained (2 × 2 = 4), and if 55% was weakly stained (3 × 1 = 3) the field score was 3 + 4 + 3 = 10. This method was preferred because it was considered by the authors as more precise and more liable to yield statistically significant results than the semiquantitative evaluation of stain intensity proposed by other authors.\[[@ref10][@ref11]\] Furthermore, for statistical verification purposes, in each sample the most prevalent staining intensity group and the overall percentage of cells positive for Bax and Bak regardless of staining intensity was calculated and those two parameters were also statistically analyzed. It should be noted that all previously mentioned studies were on paraffin-embedded tissue samples, whereas in our study we used cytocentrifuged ThinPrep samples of cervical smears, for the reasons mentioned in the Introduction section. To our knowledge, this is the first time this analysis was performed on cell smears instead of tissue samples. The Bax and Bak scores; percentage of positive cells; and prevalent staining groups in all cases including HPV negative, low- and high-risk cases; and normal and abnormal Pap smear cases are listed in Figures [3](#F3){ref-type="fig"}--[6](#F6){ref-type="fig"}. Regarding the correlation of Bax and Bak expression in women with low-risk and high-risk HPV types, the question statistically analyzed was whether there was any statistically significant difference between the Bax and Bak scores of women with low-risk HPV types and those of women with high-risk HPV types. Therefore, cases with high-risk HPV types and both low- and high-risk HPV types were compared by means of the *t*-test with cases with low-risk HPV types. In addition, each of those groups was compared with the control group, again by means of the *t*-test. In all cases, statistical analysis showed that there is no statistically significant difference in the Bax and Bak scores between any of the aforementioned compared groups (in the *t*-test between low- and high-risk HPV types the *P* values were *P* = 0.586 for Bax and *P* = 0.479 for Bak, between high-risk HPV types and control group they were *P* = 1 for Bax and *P* = 0.494 for Bak and between low-risk HPV types and control group they were *P* = 0.541 for Bax and *P* = 0.771 for Bak). Likewise, no statistically significant difference was found in the one-way ANOVA tests for the overall percentage of Bax and Bak positive cells (*P* = 0.844 and *P* = 0.791 between high-risk HPV women, low-risk HPV women, and the control group for Bax and Bak, respectively) or in the chi-square tests comparing the most prevalent staining intensity groups (negative/weak/moderate staining for Bax and negative/weak staining for Bak), in which *P* = 0.739 and *P* = 0.291 between high-risk HPV women, low-risk HPV women, and the control group for Bax and Bak, respectively.

![Negative, weak, moderate, and strong Bax staining intensity (Bax stain, ×200). Negative, score 0 (thin arrow). Weak, score 1 (dashed arrow): Fine hypochromatic staining. Moderate, score 2 (wide arrow): Denser, more hyperchromatic staining. Strong, score 3 (arrowhead): Intensely hyperchromatic staining](JCytol-32-223-g001){#F1}

![Negative, weak, moderate, and strong Bak staining intensity (Bak stain, ×400). Negative, score 0 (thin arrow). Weak, score 1 (dashed arrow). Moderate, score 2 (wide arrow). Strong, score 3 (arrowhead). Staining features as described in [Figure 1](#F1){ref-type="fig"}](JCytol-32-223-g002){#F2}

![Bax staining score and overall positive cells percentage histograms for Panel A. All cases Panel B. HPV-negative cases (control group) Panel C. Low-risk HPV cases Panel D. High-risk HPV cases. Mean score and standard deviation are displayed](JCytol-32-223-g003){#F3}

![Bak staining score and overall positive cells percentage histograms for Panel A. All cases Panel B. HPV-negative cases (control group) Panel C. Low-risk HPV cases Panel D. High-risk HPV cases. Mean score and standard deviation are displayed](JCytol-32-223-g004){#F4}

![Bax and Bak staining score and overall positive cells percentage histograms for normal Pap smear cases (Panel A1 and A2) and abnormal Pap smear cases (Panel B1 and B2). Mean score and standard deviation are displayed](JCytol-32-223-g005){#F5}

![Bax and Bak prevalent staining groups in correlation with HPV status (negative/low-risk/high-risk) (Panel A1 and A2) and Pap smear status (normal/abnormal) (Panel B1 and B2)](JCytol-32-223-g006){#F6}

Regarding the correlation of Bax and Bak expression with the cytological diagnosis of the Pap smear, the question statistically analyzed was whether there was a statistically significant difference between the Bax and Bak scores of women with a cytologically normal Pap test and those of women with a cytologically abnormal Pap test (ASCUS, LSIL, or HSIL). Statistical analysis with *t*-test showed that there is no statistically significant difference in the Bax and Bak scores between the aforementioned compared groups (*P* = 0.442 for Bax and *P* = 0.403 for Bak) and no statistically significant difference in the one-way ANOVA tests for the overall percentage of Bax and Bak positive cells (*P* = 0.253 and *P* = 0.273 between women with normal Pap test and women with abnormal Pap test for Bax and Bak, respectively). In the chi-square tests comparing the most prevalent staining intensity groups (negative/weak/moderate staining for Bax and negative/weak staining for Bak), there was no statistically significant difference for Bak (*P* = 0.390). However, it was noted that 14 of the 15 women staining negative for Bax had normal Pap smears (93.3%), whereas only 1 had abnormal Pap smear (6.7%). The resulting *P* value was *P* = 0.074, which is higher than the designated statistically significant limit of *P* \< 0.05 but still indicates a low presumption against the null hypothesis, especially considering the low number of cases. The potential significance of this finding is discussed below.

Discussion {#sec1-4}
==========

Cancer of the uterine cervix accounts for 6% of all malignancies in women,\[[@ref12]\] and is the second leading cause of cancer-related deaths among women.\[[@ref13][@ref14][@ref15]\]

Interestingly enough, not all high-risk HPV types are equally responsible for cervical cancer.\[[@ref16]\] The eight most common HPV types detected in cervical cancers were 16, 18, 45, 31, 33, 52, 58, and 35, which are responsible for 90% of cervical cancers worldwide.\[[@ref17][@ref18]\]

The HPV oncoproteins E6 and E7 have been proved to sequester and inactivate p53 and pRb respectively, two of the most important tumor suppressor genes,\[[@ref19]\] thus causing the infected cell to replicate at an abnormally high rate and ignore the external signals that would normally stop it from dividing. However, at this point the cell is still not cancerous because it does not possess metastatic potential, but if, during a chronic infection, the viral genome becomes integrated into the human cell genome and the altered cell survives while retaining the E6 and E7 genes, then the cell continues to divide without control and eventually acquires additional mutations, which make it cancerous.\[[@ref4][@ref20]\] A recent study by Vega-Peña *et al*. corroborated that E6 overexpression is associated with this integration and with increased risk of carcinogenic progression.\[[@ref21]\] The factors deciding how such altered cells will evade apoptosis and eventually become carcinogenic have not yet been determined, but they should probably be sought among the molecules regulating cellular apoptosis.

Bax and Bak are members of the Bcl-2 family of proteins, which are key regulators of mitochondria-related apoptosis.\[[@ref22]\] The Bcl-2 family proteins regulate the permeability of the outer mitochondrial membrane, constituting a checkpoint for the release of apoptosis-inducing mitochondrial proteins such as cytochrome c into the cytoplasm.\[[@ref23]\] Bax and Bak belong to the proapoptotic subgroup of the family; heterodimerization of Bax with the antiapoptotic Bcl-2 modulates apoptosis, and the Bcl-2/Bax ratio determines survival or death of the cell after receiving an apoptotic signal.\[[@ref24]\] Bak also interacts with Bcl-x~L~ and Mcl-1 to mediate apoptosis.\[[@ref25]\] Upon receiving an apoptotic signal, Bax-Bax homodimers are formed;\[[@ref10]\] evidence shows that another proapoptotic Bcl-2 family member, BID, is responsible for inducing this oligomerization.\[[@ref26]\] Those Bax oligomers have been shown to be a structural component of the mitochondrial apoptosis-induced channel (MAC), which facilitates the leakage of cytochrome c from the mitochondria to the cytoplasm, thus activating the caspase cascade, leading to cell death.\[[@ref27]\] There is evidence suggesting that Bak can substitute Bax as a MAC component, and that deactivation of both proteins is required for a cell to develop resistance to mitochondria-induced apoptosis.\[[@ref27][@ref28]\]

Therefore, as key proteins of the intrinsic mitochondrial apoptotic pathway, the Bax and Bak proteins would be very likely candidates for inactivation prior to carcinogenesis, especially as there is already evidence of many viruses and viral proteins that are implicated in both the induction and suppression of apoptosis.\[[@ref29]\] Regarding HPV in particular, Thomas and Banks have presented evidence supporting that the oncogenic HPV E6 proteins are more efficient in binding Bak *in vivo*, stimulating its degradation and thus abrogating Bak-induced apoptosis compared to nononcogenic HPV E6 proteins, although the latter also have this ability to a lesser degree. A probable cause offered by the authors for this was the fact that the oncogenic HPV types replicate in the higher levels of the stratified squamous epithelium, where the cells no longer divide, whereas the low-risk types replicate in the lower levels where there is still cell division.\[[@ref30][@ref31]\] Moreover, high-risk HPV E6 oncoprotein has been shown to form a complex with p53, leading to its inactivation and consequently affecting the functionality of a number of transcriptional target proteins of p53 modulating growth arrest and apoptosis, including Bax. This activity is limited to the high-risk HPV types, whereas the low-risk types do not inactivate p53 by this mechanism.\[[@ref32][@ref33]\] The difference between the effect of high-risk and nononcogenic HPV E6 on p53 and Bak was also demonstrated by Leverrier *et al*., where it was shown that HPV18 E6 targeted both p53 and Bak for proteolysis, whereas the β-HPV5 E6 targeted only Bak.\[[@ref34]\] This was also observed in other beta-papillomaviruses.\[[@ref35]\] Some more indirect supporting evidence was offered by Struijk *et al*., who demonstrated that beta-papillomaviruses HPV8 and HPV20 are associated with reduced steady-state expression of Bax compared to other beta-papillomaviruses, which begs the question whether such differences might exist among the alpha-papillomaviruses as well.\[[@ref36]\]

However, it has not yet been determined whether there are similar differences in Bax and Bak functionality among women infected with low-risk alpha-papillomaviruses compared to high-risk ones. The purpose of our study was to determine whether such differences exist, and if so, whether they can be detected with a simple immunocytochemistry examination performed on the very same sample used for HPV subtyping. Of all our results, the only statistically interesting finding was a weak association between negative staining for Bax and cytologically normal Pap smears, whereas cytologically abnormal Pap smears were more likely to stain weakly or moderately positive. This statistical difference between the prevalent staining groups was only marginally significant (*P* = 0.074), but it should be borne in mind that it was detected on a small number of abnormal Pap smear cases (*N* = 32). Although the expression of Bax or Bak was not proven to be affected by the presence of low- or high-risk HPV types, this slight tendency indicates a possible connection between Bax expression and the development of dysplasia. Because our hypothesis was that Bax and Bak expression and consequently the apoptosis regulation is affected by the presence of high- or low-risk HPV DNA, this association we discovered does not constitute conclusive evidence: It is linked only with dysplasia as manifested by abnormal cells in the Pap smear and not the presence of HPV DNA. Nevertheless, as squamous cell dysplasia is inherently associated with the presence of HPV DNA and there is already considerable evidence of Bax and Bak involvement in the process of cell immortalization initiated by HPV, this finding cannot be dismissed. It is the authors' opinion that further larger-scale studies focusing on the molecular level of apoptosis mechanisms in correlation with the clinical manifestations of squamous intraepithelial lesions may shed more light on the role of Bax and Bak in the development of dysplasia and carcinoma in the anogenital tract and especially the uterine cervix, and on their potential usefulness as prognostic markers for this particular carcinogenic process.
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